Small area estimation (SAE) is a statistical technique to predict the parameter of subpopulation with small or even zero sample size. An area with zero sample size can be estimated with the support of cluster information. The area random effect assumed has a similarity between region and can be analyzed by clustering the auxiliary variables. In SAE, Mean square error (MSE) is used to compare the precision of parameter estimates. But, there is no study that discuss the MSE of non-sampled area in SAE. The main idea of this research is to modify the existing statistical method by adding the cluster information with the assumption that there are similar characteristics of similar areas. The new method was evaluated by data simulation and case study to check the performance. The data simulation show that all modified methods produce a relatively similar MSE of non-sampled area..
Introduction
According to Rao, Small Area Estimation (SAE) is a method to estimate the parameters of subpopulation with small sample size 9 . In this case, small area means an area that cannot be directly estimated because it can produce a very large standard error.
One of the most widely used SAE method is Empirical Best Linear Unbiased Prediction (EBLUP). The model was first applied by Fay and Herriot to estimate per capita income in small places based on survey data from American Census Bureau 8 . The EBLUP estimator used by them is a weighted average of the direct estimation and a regression estimation that obtained by fitting linear regression equation to the data. fay-herriot combine two main ideas of SAE in EBLUP, that is the combination of diversity of target variable can be explained by auxiliary variable and the specific area random effect that cannot be explained by auxiliary variable. Therefore, Fay-Herriot model is also commonly known as linear mixed model.
Because of the small sample size, usually there are several areas that do not have sample. Because of that, the direct estimation of that area cannot be estimated. Non sampled area can be estimated with only synthetic estimation or using cluster information that recently introduced by rahma annisa 1 . Gonzales stated that synthetic estimation is an indirect estimation that using variable characteristic of large sample area to estimate the variable of small sample size 5 . Synthetic estimation uses an assumption that an area with small sample size have a similar characteristic with large sample size area. However, synthetic estimation doesn't take into account effect of random area. Non sampled area doesn't have area random effect, so there will be bias in the estimation.
To overcome the bias in synthetic estimation, rahma annisa uses cluster information of the same characteristic with non sampled area to improve the precision of the estimation 1 . Rahma annisa stated that random area effect have a similarity between areas and can be analyzed by clustering the auxiliary variable. The cluster information can be added to the model to improve the estimatied result of non sampled area estimation. One of the proposed model by Rahma annisa is to add the average of random area effect of the sampled area to the non sampled area synthetic estimation with the same cluster. By using this technique, the estimation has a smaller mse and bias compared to synthetic estimation.
In research study, error can be very important because it can determine the validity of the model. One way to see the precision of the estimator is using Mean square error (MSE) 7 . MSE is the average difference in estimation and true value. Therefore, low MSE mean the estimation is close to true value of the variable. In SAE there are 3 approach that usually used to calculed MSE, there are Prasad-Rao Estimator 8 , Using the Jackknife concept by Jiang and Lahiri 6 and with Bootstrap approad used in Butar and Lahiri 2 . The Prasad-Rao estimator is the most widely used method because it can be easily applied and usually the fastest to calculate. Meanwhile, Jackknife and Bootstrap approach uses resampling method and usually take longer to calculate. The resampling method is a nonparametric method in statistic that calculate the MSE by looking at the statistical change from the subsample that drawn from the sample itself. The most basic difference between bootstrap and jackknife is that bootstrap using resampling with replacement and jackknife using resampling without replacement. Therefore, the value of MSE from bootstrap tends to change every time a calculation is made. However, for a large repetition these change tend to shrink to a certain point. Meanwhile, for jackknife approach, the estimated value of MSE will be the same.
Until now, there is still no research that discussing the estimation of MSE for nonsampled area in SAE. Whereas, the calculation of MSE is very important in parameter estimation, because it can determine the precision of the model and the feasibility of the estimation result to be published. Therefore in this study we propose a calculation method to estimate the MSE of non sampled area in SAE using cluster information. The estimation of MSE will be carried out by utilizing the cluster information using three approach , namely Prasad-Rao Estimator, Bootstrap and Jackknife.
To evaluate the proposed model, we conduct a data simulation based on a reference research data that use cluster information to estimate non sampled area in SAE by Rahma Annisa 1 . After that, the developed method will be applied to estimate the average expenditure per capita of west java resident at the sub-district level based on data from March 2018 SUSENAS and 2014 podes that obtained from Badan Pusat Statistik (BPS).
Materials
We use 2 type of data in this research. The first data are simulation data that generated by computer. The generated data is based on the research study by rahma annisa 1 . But there are small modification in generating auxiliary variable for cluster and generating variance of direct estimation. For easy instruction in simulation study, you can see the flowchart below. The second data is case study from a real world data. The direct estimation of sub-district was obtained from March 2018 SUSENAS and only covered a portion of sub-districts in West Java. Meanwhile, PODES are used as auxiliary variable and as the basis for clustering information analysis.
3Method
The SAE model that used in this paper is EBLUP area level. This method is the development of Best Linear Estimation (BLUP) that introduced by Henderson 3 . This model assuming that area-specific random effect and sampling error are identically and independent, or we can say that ~(0, 2 ) and ~(0, ). 2 is area random effect variance and is direct estimation sampling variance. BLUP model that Henderson ( ) proposed is:
Where :
: is Best Linear Unbiased Estimator (BLUE) from that can be estimated with From we can see that is weighted average of direct estimation and synthetic estimation with as a weight.
indicating how much the model affecting direct estimation. It was measured by comparing model variance random effect ( 2 2 ) and total variance ( + 2 2 ).
BLUP still using the assumption that variance random effect from the area are known. In real life data variances random effect is nearly impossible to compute, so we use estimation of variance random effect from samples data. By estimating variance random effect component from sample, it became Empirical Best Linear Unbiased Prediction (EBLUP). To estimate 2 there are several method such as Moment, Maximum Likelihood (ML) and Restricted Maximum Likelihood (REML). In this study we use REML to estimate the variance of area random effect.
To estimate the estimation of non sampled area in small area estimation we use the first model of Rahma Annisa 1 . In this model we add the average area random effect to the synthetic estimation of non sampled area of the same cluster. The model is:
Sampled area model:
Non sampled area model :
where:
with is number of area in cluster k.
: model koefisien : random area effect from sample
: auxiliary variabel
To estimate the MSE of non sampled area we use three method of MSE estimation. There is Prasad-Rao Estimator, Jackknife approach and Bootstrap approach. For each method we modify the formula to use cluster information in case there are no data in non sampled area.
The first and mainly used MSE estimation is Prasad-Rao Estimator 8 . It was designed according to taylor series expansion. The formula for Prasad-Rao Estimator is:
( 2 ) = asymptot variance of ( 2 )= 2 −2 =1 ( 2 + ) 2 (13) Another approach to estimate MSE is using resampling method. There are 2 method that used to estimate MSE using resampling, namely using jackknife and bootstrap. The main different between bootstrap and jackknife is how to generate subsample from sample data. jackknife generate subsample with replacement, so the number of subsample is finite. Meanwhile bootstrap generate subsample without replacement, therefore the number of subsample is infinite and can be defined by researcher.
Jiang, Lahiri and Wan give an explanation on how to estimate MSE using jackknife 6 . To estimate MSE jiang only use g1(.) in Prasad-Rao estimator without g2(.) and g3(.). The method to estimate MSE using jackknife is:
Step 1 : estimate and 1 ( 2 ) from sample data with the same formula from Prasad-Rao estimator.
Step 2 : create subsample with taking out one sample and estimate − and ,− 2 from every subsample
Step 3 : estimate ,− and 1 ( ,− 2 ) using parameter in step 2.
Step 4 : estimate 1 to correcting bias in 1 ( 2 ), with
(14)
Step 5 : estimate 2 with
Step 6 : estimate jackknife MSE for every area with = 1 + 2 (16)
Meanwhile, Butar and Lahiri modify jackknife method with bootstrap approach [2] . With an assumption asumsi and are normal and 2 > 0 , the method to estimate MSE using bootstrap is :
Step 1 : create independent parameter subsample for every area with generating data : * ~( , 2 ) (17)
Step 2 : generate * as direct estimation of subsample with: * ~( * , )
Step 3 : estimate * using EBLUP with the same auxiliary information ( ) and varians ( )
Step 4 : repeat step 1 -4. The more repetition, the estimation of MSE are more convincing.
Step 5 : estimate MSE of Bootstrap with :
To estimate MSE of non sampled area we modify Prasad-Rao estimator, Jackknife and Bootstrap approach to cover non sampled area. For Prasad-Rao estimator we propose using ( ) , 3 ( 2 ) ( ) and ( ) with cluster information. So the Prasad-Rao estimator to estimate non sampled area is:
where: 3 ( 2 ) ( ) , ( ) is average from sampled area in the same cluster : sampled area component ([ =1 ( + 2 ) ] −1 )
Meanwhile for Jackknife approach we use − and ,− 2 from sampled area to estimate ,− and 1 ( ,− 2 ) and the rest is the same with sampled area. The estimation of MSE with jackknife is:
Where:
For Bootstrap we modify ( ) so it was the average of the sampled area. Meanwhile we use ( 2 ) with the model from sampled area. To estimate MSE of non sampled area we use:
Where : * ~( , 2 ) (27) * ~( * , ( ) ) (28) 5Result and Conclusion
Simulation Study
From simulation study we see the stability of our model to estimate MSE of nonsampled area. To see the similarity between each method we see the average of relative root mean square error (RRMSE). From three generated non sampled domain, the average RRMSE are similar. To see the similarity in each repetition we can se the plot of MSE. The plot for every non sampled MS are as below From every non-sampled area and repetition, every MSE method have a similar plot and every line are overlapping. From that graphic we can see that every repetition have a similar distribution. To be more convincing, we use a formal statistical test to test the similarity of MSE from its variance using one way ANOVA. From that test we get the p-value of the three RRMSE of non sampled area as 0.968, 0.914 and 0.922. From that result we can conclude that every method to estimate MSE for non sampled area are statistically similar to EBLUP MSE estimator if that area are sampled.
5.2Case Study
We perform case study to see the compatibility of the model with real life data. To perform case study we estimate expenditure per capita from March 2018 SUSENAS data in subdistrict level in West Java. We choose this data because there are 19 non sampled area and 607 sampled area in this data. For auxiliary variable we use PODES 2014 data. PODES data is in village level, so we aggregate the data to subdistrict level.
For sampled area, there are 11 auxiliary variable that statistically significant for EBLUP model. and the estimation are as below. To be more convincing, we test the similarity between every RRMSE with one way anova. From that test the p-value is 0.833. With that we conclude that the RRMSE of nonsampled area from every method in case study are similar. 
5.3Conclusion
From the discussion we can conclude that the three estimation method can be used to estimate MSE of estimator in non sampled area. The three estimation method that used in this study (Prasad Rao Estimator, Jackknife approach and Bootstrap approach) produce a similar result in simulation study and case study. But, Prasad Rao Estimator has an advantage in calculation time because it is not using resampling.
